Vine Tea (VT), as a well-known Chinese traditional liana medicine and functional tea, is a special plant which is rich in flavonoids; even though some ingredients were isolated via the conventional approach. Nevertheless, there have been no reports about chemical profile through LC-Q-TOF-MS/MS. In this study, an method has been established to rapid separation and structural identification the chemical constituents of Vine Tea for the first time by ultra-fast liquid chromatography coupled with quadrupole/time-of-flight mass spectra (UFLC-Q-TOF-MS/MS). Based on the accurate mass, retention time and MS spectra, 29 compounds in crude extract, mainly belonging to flavonoids and organic acids, were explicitly identified or tentatively characterized by comparing with reference standards or literatures. The possible fragmentation pathways were proposed and fragmentation rules of the major types of compounds were concluded. The results indicated that UFLC-Q-TOF-MS/MS based chemical profiling is a highly efficient approach for the original discrimination of Vine Tea as well as other traditional Chinese medicines.
INTRODUCTION
Vine Tea, cauline leaf of Ampelopsis grossedentata (Hand.-Mazz) W. T. Wang, is unique tea, medicinal plant which is particularly rich in flavonoids 1 . As a health protection tea, Pharmacological experiments show that total flavonoids of Vine Tea exhibits activities of easing pain 2 , decreasing blood sugar 3 , anticancer 4 , antioxdation 5 . It is well accepted that the efficacy of liana medicines is contributed by the synergistic effects of their multi-components and multi-targets. Nevertheless, up to now, a few compounds were isolated from the crude extract using conventional means [6] [7] [8] ; little attention was paid to the chemical profile. Therefore, getting a useful chemical profile consisting of a great number of constituents from Vine Tea is of significant importance for the understanding of its biological and medical significance and such a profile may also prove useful to assess the quality 9 . As an emerging technology, UFLC-Q-TOF-MS/MS achieved multidimensional separation, rapid and high sensitive detection as well as on-line structure elucidation in analyzing complex constituents from plant extract. In this paper; we developed a UFLC-Q-TOF/MS method for analysis of the chemical profile of Vine Tea. Separation was performed on a C 18 reversed-phase column (2.1 mm × 100 mm, 1.8 μm) with 0.1 % formic acid aqueous solution and acetonitrile as the mobile phase under gradient elution. Quadrupole/time-of-flight (Q-TOF) MS can provide excellent mass accuracy over a wide dynamicrange, allowing measurements of the isotopic pattern and may be used in MS/MS experiments to provide the elemental composition of the parent and fragment ions. With this method, a total of 29 compounds in the formula were identified.
MATERIALS AND METHODS

Reagents and standards
Acetonitrile (HPLC grade) was purchased from Fisher Scientific (Pittsburgh, PA, USA) and HPLC-grade Formic acid (analytical grade) was purchased from Sigma (St. Louis, USA). All water used was purified by a Simplicity 185 personal water purification system (Millipore, Bedford, MA, USA). Dihydromycicetin, Myricetin, Apigenin, Kaempferol, Luteolin, Morin hydrate, Rutin, Quercetin, Catechin were obtained from Guangzhou Qiyun Biological Technology Co., Ltd. (Guangzhou, China). The purities of all standards were above 98 % detected by HPLC.
Plant materials and sample preparation
The raw material was purchased from Guangxi province, China. Vine Tea (30 g) were extracted with 60 % Methanol (1 L) for 2 h, repeated twice. The extract solution was filtered and evaporated with a rotary evaporator and then made a final concentration of 0.5 g/ml (equivalent to dry weight of raw materials). The solution was centrifuged at 12000 rpm for 10 min; the supernatants were transferred to auto sampler vial for UPLC-TOF/MS analysis.
Instrument conditions
Chromatographic analysis was carried out on a SHIMADZU UFLC XR system (Shimadzu Corporation, Kyoto, Japan) equipped with a LC-20AD-XR binary pump, SIL-20AD-XR auto sampler and a CTO-20A column oven. Chromatographic separation was performed on an Agilent Eclipse Plus C 18 column (2.1 mm × 100 mm, 1.8 μm, Agilent Technologies, CA, USA) with the column temperature maintained at 25℃ . The mobile phases were composed of acetonitrile (A) and water with 0.1 % formic acid (B). The linear elution gradient program was as follows: 0-8 min 5 %-32 % A, 8-15 min 32 %-55 % A, 15-20 min 55 %-100 % A. The flow rate was set at 0.3 mL min −1 and the injection volume was 5 μL. Mass spectrometry was performed on the Triple TOF TM 5600 (AB SCIEX, Foster City, CA) a hybrid triple quadrupole time-of-flight mass spectrometer equipped with ESI source and mass range was set at m/z 100-1200. The condition of MS/MS detector were as follows: ion spray voltage 1500V; ion source gas 1 50 psi; ion source gas 2 60 psi; temperature 550℃ ; curtain gas 15 psi; collision gas pressure 8 psi; entrance potential 10V. Nitrogen was used as nebulizer and auxiliary gas. All the acquisition and analysis of data were controlled by the Peak View Software TM V. 1.1 (AB SCIEX, Foster City, CA)
RESULTS AND DISCUSSION
Optimization of chromatographic conditions
In order to achieve a better separation, a comparison of different kinds of mobile phase system including acetonitrile-water, methanol-water, acetonitrile-water with 0.1 % formic acid and methanol-water with 0.1 % formic acid were carried out. It was found that acetonitrile-water with 0.1 % formic acid was the optimum choice. The total ion current (TIC) chromatogram of vine tea extract in negative ion mode was illustrated in Figure 1 .
Analysis of chemical constituents of vine tea by UFLC-Q-TOF-MS/MS
When a pure standard was available, the compound was identified by comparing its UFLC retention time, mass spectra with those of the standard. When no standard was available, the structures were proposed mainly based on the mass spectra. The mass error for molecular ions of all compounds identified in this study was within ±5 ppm. Under the aforementioned conditions, a total of 29 compounds were identified from vine tea sample, six of which were unambiguously identified by comparing their retention times, the accurate masses and fragment ions with those of reference compounds and 19 compounds were tentatively assigned by matching the empirical molecular formula with that of the known compounds previously reported in the literature. The structures of all the identified compounds were shown in Figure 2 and the detailed information were summarized in Table 1 .
Characterization of organic acid
There are eight organic acids were identified from the vine tea crude extract. Peak 
Characterization of flavonoids
To the best of our knowledge, dehydration, loss of CO, CO 2 Figure 3) ; which degraded by cleavage of bonds 0, 2 and 1, 3 of the C-ring were the characteristic fragmentation behaviour to most flavonoids and flavonols 15 . In the ESI multi-stage mass, loss of CO, were also found, suggesting there would be dihydroxy substituted in the A-ring. According to the existing study, Peak 17 was tentatively deduced as 3, 5, 7, 2′3′, 4′, 5′-heptahydroflavonol. 
Characterization of Flavonoid O-glycosides
CONCLUSION
In this study, a rapid and reliable method based on UFLC-Q-TOF-MS/MS was employed for the separation and structural identification of major constituents in Vine tea. A total of 29 ingredients were identified with reference compounds by comparing the mass spectra and retention time or tentatively characterized according to fragmentations and matching empirical molecular formula with that of the published compounds. This paper marks the first report on the chemical profiles utilizing the analytical method with UFLC-Q-TOF-MS/MS technique. As presented herein, it has been proved to be an effective tool for the systematic analysis of the constituents and improve further quality control standard for Vine tea along with other traditional Chinese medicines.
